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@ Machine damper and method of damping machine vibrations. 

A machine levelting pad with damping properties is dis- 
closed, wherein a first support member (44, 75, 92, 17b) hav- 
ing a damping cavity (45, 75a, 91, 109) is located on a base 
(29), and a second support member (56. 78. 93. 112) having 
an outer surface (57, 94) cooperatively shaped to the damp- 
ing cavity is disposed within the damping cavity so as to 
create a peripheral boundary space (58, 69, 79. 95, 120) be- 
tween the first and second support members. Spring means 
(54. 81. 98, 114) is provided to support the second support 
member (56, 78, 93, 1 12) relative to the first support member 
(44. 75, 92, 17b) in a direction substantially parallel to the 
longitudinal axis of the boundary space (58, 69, 79, 95, 120). 
A machine member (11, 17, 35) is located on the second 
support member (56, 78, 93. 112), and. In one embodiment, a 



viscous damping material is provided \o substantially fill the 
boundary space (58. 69, 79, 95, 120) between the first and 
second support members. In operation, the spring means 
(54, 81, 98, 114) and damping medium are compliant in sev- 
eral directions to permit relative movement between the 
first and second support members. Thus, when the spring 
means (54, 81, 98, 114) is oriented In a vertical direction to 
carry the weight of a machine member, the machine is al- 
lowed to move with the second support member in a hori- 
zontal, unloaded, direction thereby causing the first and 
second support members and damping medium in the 
boundary space to undergo squeeze-film damping, effect- 
ing an increase in the overall dynamic stiffness of the 
machine. 

Another embodiment employs a visco-elastic medium 
in the damping cavity (58, 69, 79, 95, 120) to effect damping. 



BEST AVMiLABLb COP' 



ACTORUM AG 



BNSOOCID: <EP 0157352A2_L> 



0157352 



Title: "Machine Damper end method of damping machine vibratjons" 

In machine tool design It is frequently necessary to provide o plurality 
of machinery levelling pads at the bose of the machine to accomplish 
levelling of the machine with respect to a floor. Generally, the pads consist 
of a bracket on the machine which may be threaded and fitted with an 

5 adjusting screw to adjust the bracket in a vertical direction relative to the 

floor* After reaching a desired level height, the screw is clamped with a 
locknut. Sometimes a second, holddown locking screw may be fitted through 
a bore in the centre of the adjusting screw and secured in the floor and 
clamped against the adjusting screw, to prevent machine movement after • 
IQ levelling. This latter basic adjusting technique is well-known in the prior 

art, and suffers from several disadvantages, one being that the tight 
connection to the floor which is accomplished may possibly cause vibrations 
from the machine to be transmitted to the floor and to other adjacent 
mechanisms, and the reverse* 

IS As G means for controlling vibrations to and from machinery, isolators 

hove been developed, which generally consist of visco-elastic elements such 
as rubber sheets and discs, and rubber-like synthetic elements. These 
isolators are generally fitted, in one well-known case, as a grommet attached 
to the foot of a motor to isolate it from the motor mount member. An 

20 isolator serves to attenuate vibrations occuring between the adjacent rigid 

structures such as a motor and machine bose or floor, and thereby serves to 
keep unwanted vibrations from reaching a machine tool and affecting 
performance in an adverse manner. 

Since many machine tool are complex structures themselves, having 

25 relatively movable ports and jointed assemblies, the isolators which may be 

provided at the machine foot do not serve to actively participate in the 
internal damping of the relative machine members in a substantial, 
controlled, manner. To accomplish damping and favourably affect the 
dynamic stiffness of the relative machine members, machine way dampers 

3Q and various damping block assemblies have been employed which alter the 

spring-mass-damping characteristics of the individual machine members. 

Applicant has approached the problem of machine damping through 
analysis of the machine members in a complex machine assembly, and has 
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invented a system vsrherein damping may be furnished to a machine structure 
in a controlled manner througfi use of a novel damper employed at the 
machine feet in a modular manner, to isolate the machine md damp 
developed mochine vibrations- 
According to this invention there is provided a machine damper 
comprising a first support member provided with a cavity, a second support 
menriber extending into the cavity to provide a damping chamber between 
said members, means to support one of said members against movement 
relative to the other in a first direction whilst allowing limited relative 
movement therebetween in a second direction, and a damping medium in the 
damping chamber. 

Preferably the cavity is generally cylindrical and the second support 
meoiber, at least where it extends into the cavity, is dlso generally 
cylindrical, the damping chamber being thereby annular. 

Desirably the first and second support members are so constructed one 
crronged as to provide a plurality of annular damping chambers 
therebetween, in each of which a damping medium is provided, one 
odvontogeously means is provided for the communication of fluid between the 
annular damping chambers. 

The damping medium may be a vlsco-elostlc material, or may be c 
viscous material, in which case sealing means is advantageously provided tc 
prevent escape of damping medium from the or eoch damping chamber. 

Advantageously the support means is operative to support one of the 
members relative to the other against significant movement in a substantially 
vertical direction, but to permit limited relative movement therebetween ir 
a substcntially horizontal direction. 

According to this invention there is also provided a machine dampei 
comprising a first support member having a generally cylindrical cavlt> 
oriented with the longitudinal axis in a substantially vertical direction, c 
second support member having a generally cylindrical outer surface disposec 
In said damping cavity, an annular boundary space maintained between saic 
outer surface and damping cavity, spring means for supporting one of saic 
members relative to the other in a substantially vertical direction, and c 
damping medium in said annular spoce, the spring means and the dampinc 
medium being compliant to permit relative movement between said first one 
second members. 
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According to this invention there is also provided a method of damping 
vibrations comprising the steps: 

(a) assembling cooperatingly-formed first and second damper elements, one 
within the other, to form an interior damping chamber comprising a 
squeeze-film clearance gap between the two; 

(b) providing support for relative movement between said first and second 
damper elements which is substantially stiff in a direction of movement 
tending to maintoin said clearance gap, and which is substantial!/ 
compliant in a direction tending to change said clearance gap; 

(c) providing a damping medium in said clearance gap; 

(d) supporting one of said first and second elements on a relatively 
stationary base; and 

(e) supporting a vibratable member on the other of said elements. 

The damping medium provided in said clearance gap may be a viscous 
damping material, or may be a visco-elastic material. Advantageously the 
damper chamber is annular and has a longitudinal axis which extends 
substantially vertically, and said support is such as to be substantially stiff in 
a vertical direction tending to maintain said clearance gap, and is 
substantially compliant in a horizontal direction tending to change said 
clearance gap. 

There will now be given a detailed description, to be read with 
reference to the accompanying drawings, of five constructions of machine 
damper which have been selected for the purpose of illustrating this invention 
by way of example. 

In the accompanying drawings:- 

FIGURE I is an isometric view of a machine tool structure employing 
the present Invention. 

FIGURE 2 is a fragmentary cross-section of a prior art machine 
levelling device; 

FIGURE 3 is a fragmentary cross-section of a first embodiment of the 
present invention taken along the line 3-3 of Figure I; 

FIGURE 4 is a fragmentary cross-section of d portion of Figure 3 on a 
larger scale; 

FIGURE 5 is an exploded view of the parts shown in Figure 3 generally 
on the same scale as Figure 3; 
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FIGURE 6 Is a. fragmentary cross-section similar to Figure A, showing 
modification of the parts as a second embodiment of this invention; 

FIGURE 7 is on exploded view of the ports shown in Figure 6 on a 
smaller scale; 

FIGURE 8 is a fragmentary view in cross-section of a third embodiment 
of this invention; 

FIGURE 9 is on exploded view of the parts shown in Figure 8 on a 
smaller scale; 

FIGURE 10 is a fragmentary cross-section of a fourth embodiment of 
this invention; 

FIGURE I I is on exploded view of the p<B-ts shown in Figure 10 on a 
smoller scale; 

FIGURE 12 is the section of Figure 4, depicting a fifth embodiment. 

Ref«Ting to the drawings, Figure i shows an isometric view of a 
machine tool having two joined bases II, 12 which carry slides 13, 14, 
respectivei/, wherein one slide 13 is adapted for carrying a workpiece (not 
sho«vn) and the other slide 14 carries a movable spindle carrier 15 on its own 
set of slidewoys 16. The machine tool iO has a plurality of angle brackets 
17 fastened to its respective bases II, 12 at the lower edge 18, and the angle 
brackets 17 ore fitted with level ling screw assemblies 19 to adjust the bases 
11,12 with respect to the floor. 

Figure 2 details a prior art assembly, wherein a machine base 20 has an 
angle bracket 21 secured thereto, and the angle bracket 21 has a threaded 
hole 22 which receives therein a tubular threaded screw 23, having a 
hexogonal head 24 and a jam nut 25 to lock the screw 23 with respect to the 
angle bracket 21 when the desired level of the base 20 with respect to the 
floor is attained- The bottom edge 26 of the screw 23 is chamfered and is 
situated in a conical seat 27 in a plate 28 on the floor 29 which serves to 
distribute the stress of the supported load. The plate 28 has a clearance hole 
30 drilled through the centre, aid a stud 31 is grouted at one end 32 into the 
flow securely, and extends through the centre of the tubular threaded screw 
23. The top end 33 of the stud 31 is threaded and receives a locknut 34 
thereon, so that when the final adjustment of the angle bracket 21 is 
attained, the entire structure: angle bracket 21; screw 23; plate 28; ond floor 
29 are secured together by the locknut 34 which is tightend on the stud 31. 
When the assembly is secured, a rigid, generally non-movable structure is 
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attained, wherein the angle bracket 21 and base 20 cannot nrtove up or down 
or in a sideways direction. 

The assennbl/ in Figure 3 illustrates a base II of Figure I, with a 
respective angle bracket 17, which is typical of all the angle brackets 17 in 
Figure L The angle bracket 17 is fitted with an adjusting screw 35, which is 
tubular as in the prior art assembly, and the adjusting screw 35 Is locked In a 
set adjustment by means of a jam nut 36 threadably received on the screw 35 
and tightened against the angle bracket 17. Also similar to Figure 2 prior 
art assembly, the assembly utilises a locking stud 37 which is grouted at one 
end 38 into the floor securely and extends upwards through the tubular 
adjusting screw 35 so that the entire assembly may be pulled up snuggly by 
means of a locknut 39 at the upper end 40 of the threaded stud 31. The 
bottom 41 of the odjusting screw 35 is tapered and received in a cooperating 
chamfered bore 42 of a plate assembly 43 which will be discussed further in 
connection with Figure 4. 

The plate assembly 43 detailed in Figure 4 is comprised of a housing 44 
which is a cylindrical member having on internal cavity or bore 45 extending 
from the top surface 46 down to o bottom internal surface 47, and the 
internal surface 47 extends radially inward to a boss section 48 having an 
axial length 49 which Is shorter than the internal bore depth. The boss 
section 48 has a clearance hole 50 machined through the central axis, to 
accommodate the hold-down stud 37, The boss section 48 further has a 
plurality of pin bores 51 radially spaced about the central axis, which extend 
down to a bottom surface proximate to the bottom 52 of the plate 
assembly 43. The pin bores 51 have coaxial clearance holes 53 machined 
throughout the majority of their length so that support pins 54 may be 
received in the bores 51, and the pins 54 may accommodate a slight amount 
of sideways deflection at their outermost ends 55 within the confines of the 
clearance holes 53. The pins 54 extend upwardly beyond the boss section 48, 
and terminate as shallow conical points at their outermost ends 55. A 
secondary support member 56 having on accurately machined outer diameter 
57 is recieved in the bore 45 of the housing 44, and is fitted so that a 
peripheral boundary space 58 is maintained between the two 44, 56 in 
assembly. Here it should be noted that the cavity 45 may be of a shape 
other than cylindrical, and the secondary support member 56 is cooperatively 
adapted to conform to the cavity shape. In the case of cylindrical shapes, the 
peripheral boundary space 58 would be an annular space. A seal ring 59 is 
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provided in a suitable groove 60 near the topmost end 61 of the secondary 
member 56 to seal the annular spoce 58 as a closed chamber. The bottom 
surface 62 of the second member 56 Is maintained at a spoced dimension 
away from the bottom surface 47 of the bore 45 by the construction of an 
internal bore 63 in the second member 56 which Is adapted to follow the 
contour of the boss section 48. The internal bore 63 terminates at an 
internal surface 64, extending across the top 65 of the boss section 48. The 
internal surface 64 has a plurality of radially spaced blind holes 65, the 
bottoms 66 of which are adapted to fit the conical ends 55 of the support pins 
54. By careful dimensioning of the depth of the blind holes 65 relative to 
the bottom surface 62 of the second support member 56, the spocing of the 
bottom surfoce 62 of the second support member 56 from the housing 44 is 
maintained. A seal 67 is provided in an internal groove 68 in the bore 63 
around the boss section 48 so as to maintain an inner peripheral boundary 
spoce 69 OS well as an outer spoce 58. The second support member 56 is 
provided with a clearance hole 70 though its central axis, and a topmost 
topered countersunk hole 42 in which to receive the bottom tapered surface 
41 of the adjusting screw 35. A cross-drilled and tapped hole 71 is provided 
rodially tfx>ugh the outer surface 72 of the housing 44 at the bottom surface 
47 which extends into communication with the spaces 58, 68. The threaded 
portion of the hole is fitted with a grease fitting 73 through which may be 
pumped a thick, highly viscous, grease or oil. Additional cross-drilled holes 
74 serve to facilitate grease movement in the spaces 58, 69. 

By the assembly shown in Figure 4, the vertical load of the base 1 1 and 
the angle bracket 17 of the machine 10 is therefore carried through the 
adjusting screw 35 and second support member 56, to the support pins 54, 
which serve as very stiff axial compression springs. The support pins 54, as 
compression springs, are relatively flexible in a lateral direction, within the 
confines of the clearance holes 53, and therefore serve to permit the 
adjusting screw 35 - second support member 56 combination to translate a 
small amount in horizontal directions under the influence of machine 
vibratipns. This horizontal rodlol movement of the secondary support 
member 56 relative to the housing 44, serves to change the boundary spaces 
58, 69 at certoin moments, thereby forcing the resistant viscous medium out 
of a decreased gap of one portion of the space 58, 59 and cround into a 
widened portion of the space 58, 69. When movement is reversed, the 
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tension-holding power of the viscous nnedium, resists widening of the 
decreased gap of the boundary space 58, 69. The os$embiy thereby 
undergoes what is known as squeeze-film damping, thus tending to increase 
machine dynamics stiffness, while at the same time, retaining a desired level 
of machine adjustment. 

Figure 5 is an exploded view of the elements of Figures 3 and 4. 

Figure 6 depicts a second embodiment of the invention having an 
inverted support arrangement. The internal bore 75(a) of the base support 
member 75 extends from the bottom surface 76 up to a bore end surface 77, 
and the second support member 78 is accurately fitted and carried within the 
bore 75(a), so as to maintain an annular boundary space 79 between the two 
75, 78. The second member 78 is fjtted with a seal ring 80 so that the 
annular space 79 will comprise a closed chomber. Cop^ screws 81 are 
threaded into, and extend from the bore end surface 77 of the^base support 
member 75 though clearance holes 82 provided in the second member 78. The 
adjusting screw 35 is passed through a clearance hole 83 in the top section 84 
of the base member 75, and bears on the top countersunk, surface 85 of. the 
second support member 78, so that the screws 81 are loaded in tension, 
functioning as very stiff extension springs. The cap screw holes 82 are of 
ample clearance to permit slight movement of the head of the cap screw 81 
with respect to its threaded portion so that some radial compliance may be 
effected between the two members 75, 78. A pipe-tapped hole 86 is provided 
through top section 84 of the base member 75, so that viscous material may 
be introduced by conventional means into the annular space 79. The top 
portion 87 of the second member 78 is provided with a reduced diameter 88 
to facilitate entry of the viscous medium, and a suitable seal 89 is provided 
about the top portion 86 to enclose the annular space 79. A secondary seal 
90 is also provided about the top portion 86 at the clearance hole 83. By 
similar function to that described in conjunction with Figure 4, some 
horizontal movement of the inner member 78 with respect to the outer 
member 75 is accommodated under the influence of machine vibrations, while 
the vertical stock or adjustment is maintained. Likewise, the phenomenon of 
squeeze-film damping is appreciated when the inner member 78 moves 
relative to the outer member 75 thus forcing the viscous medium to undergo 
visco-elastic and positional changes in the annular space 79. The exploded 
view of Figure 7 illustrates the elements of Figure 6. 
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The section view of Figure 8 depicts a third embodiment, wherein the 
angle bracket 17(a) of the mochine base \ I becomes the outer member of the 
damprng assembly, having a bore 91 machined through its flange section 92. 
A cooperating inner support member 93 is received in the bore 91, and has its 
outer diameter 94 closely dimensioned to maintain an annular space 95 
between the two 91, 94. A pair of seals 96 are provided along the diameter 
94 of the inner member 93, to seal the annular space 95 into an annular 
chamber. The bottom of the inner member 93 has a circular flange 97. A 
piuraffty of pins 98 ore carried in the angle bracket flange section 92, which 
are booked up by lock screws 99 at the upper end 100 of the flange section 
92, so ttwt the load transmitted by the machine base 1 1 through the angle 
brocket 17(a), is borne by the support pins 98 which extend against the flange 

97 of the Inner member 93. The inner member 93 has a ce?rfral threaded 
hole 101, through which is received the adjusting screw 35 and its jam nut 36. 
The adjusting screw 35 is carried in a conventional manner as with the prior 
ort, ogoinst d base plate 102 which rests against the floor, while the locking 
stud 37 extends upwardly from the floor through, the centre of the adjusting 
screw 35, and receives the locknut 39 at its upper end 40. The support pins 

98 function os stiff compression springs, which serve to carry the vertical 
load of the mochine base I l. A plurality of cap screws 103 extend 
downward from the angle bracket flange section 92, and are threadably 
received in the flange 97 of the inner member 93, to snug the assembly 
together. SurtcAIe clear once holes 104 ore provided in the angle bracket 
flange section 92 around the body of the screws 103, to permit some lateral 
movement of the threaded portion 105 of the screw 103 relative to its head 
J06. Thus, under vibrational influence, the machine base 1 1 may undergo a 
slf^t onrKXint of horizontal translotibnol movement, relative to the inner 
support member 93, while the vertical stack, or adjustment, of the machine is 
maintained. The camulor space 95 is filled with a viscous medium which is 
ported through cross-drilled filler holes 107, 108 nruichined in the flange 
section 92 of the cBigle bracket 17(a). The viscous medium causes the 
phenomenon of squeeze film damping to occur as the inner and outer 
members 93, 17(a) ore relatively^ moved with respect to one another within 
the limits of the annular space 95. The exploded view of Figure 9 illustrates 
the elenr>ents of Figure 8. 
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A fourth embodiment is shown In Figure 10, which depicts a section 
through on angle bracket 17(b) which functions as an outer nrember, having a 
central bore 109 machined therethrough and a counterbore 110 in its upper 
surface IIL An inner member 112 is received in the central bore 109 and 
has a top flange 1 13 which is cooperatingly adapted to the counterbore 1 10 of 
the angle bracket 17(b). A plurality of cap screws 114 extend downwardly 
through clearance holes I 15 in the flange 1 13 of the inner member I 12, then 
through clearance holes 1 16 which are machined along the body of the screw 
1 14 in the angle bracket 17(b), terminating at a threaded portion I 17 which 
receives the screw 114. The inner member 112 has a tapped hole 118 
extending through its central axis which receives the adjusting screw 35 and 
jam nut 36 in a manner shown in the prior art, ond the bottom 41 of the 
adjusting screw 35 is seated in a base plate I 19 resting on thfei floor* The 
weight of the machine base II is supported by the cap screws 114, 
15 functioning as very stiff extension springs loaded in tension, and a small 

amount of lateral movement of the angle bracket 17(b) with respect to the 
inner support member 1 12 may be accommodated by the clearance holes I 16 
around the cap screws 114, and an annular space 120 formed between the 
bore 109. and Inner member 112. The angle bracket 17(b) has a pair of 
intersecting cross-drilled holes 121, 122 which are tapped to receive 
hydraulic fittings (not shown) for filling the annular space 120 with a viscous 
medium. The annular space 120 is sealed with upper and lower seals 123, 124 
carried by the inner member 112. In assembly, therefore, a small amount of 
radial movement in a horizontal direction may occur while the stack or 
25 adjustment height of the angle bracket 17(b) with respect to the floor is 

maintained. The horizontal movement may be. originated by machine 
vibrations which are damped by the viscous medium under the phenomenon of 
squeeze-film damping. The exploded view of Figure 11 illustrates the 
elements of Figure 10 in perspective. 

A fifth embodiment is shown in Figure 12. A visco-elastic damping 
material 125, such as PVC (polyvinyl chloride), is substitued in the damping 
cavity 45 for the viscous medium. This type of material has the 
characteristic of being able to dissipate energy when displaced. The visco- 
elastic materials used in damping units behave quite definitely in an elastic 
35 manner up to some stress limit, but once that stress is exceeded, it flows 

until its area increases and stresses go down until it becomes elastic again. 
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The phenomenon of film squeeze damping occurs particularly in 
chombers having a thickness (in the preferred embodiments in the radial 
direction) of less than 0.025 inches, but is particularly effective in chambers 
having a thickness in the order of 0.005 Inches or less. 

Strictly considered, In a damper designed for squeeze-film, the direct 
substitution of a visco-elastic material would result in somewhat less 
damping of the structure, but this may be suitable for some applications. The 
visco-elastic materials can have a damping capability. 20 times that of 
rubber, but the squeeze-film damper can possess a damping capability three 
or four times that of the visco-elastic damper. 



The feotores disclosed in the foregoing description, or the following 
cloims, or the accompanying drawings, expressed in their specific forms or in 
tern» of a means for performing the disclosed function, or a method or 
process for attaining the disclosed result, or a class or group of substances or 
compositions, as c^ppropriote, mcy, separately or in any combination of such 
features, be utilised for realising the invention in diverse forms thereof. 
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CLAIMS: 

1. A machine damper comprising: 

(a) a first support member (44, 75, 92, 17b) provided with a cavity (45, 75a, 
91, 109); 

(b) o second support member (56, 78, 93, I 12) extending into the cavity (45, 
75a, 91, 109) to provide a damping chamber(58, 69; 79, 95, 120) between 
said members; 

(c) means (54, 81, 98, I 14) to support one of said members (56, 78, 93, I 12) 
against movement relative to the other (45, 75, 92, 17b) in a first 
direction whilst allowing limited relative movement therebetween In a 
second direction; and 

(d) a damping medium In the damping chamber, 

2. A machine damper according to Claim I wherein the cavity (45, 75a, 
91, 109) IS generally cylindrical and the second support member (56, 78, 93, 
112), where it extends into the cavity, is also generally cylindrical, the 
damping chamber being annular. 

3. A machine damper according to Claim 2 comprising a plurality of * 
annular damping chambers (58, 69) between the first and second support 
members (44, 56) , in eoch of which a damping medium is provided. 

4. A machine damper according to Claim 3 comprising means (74) for fluid 
communication between the annular damping chambers. 

5. A machine damper according to any one of Claims I to 3 wherein the 
damping medium Is a visco-elastic material. 

6. A machine damper according to any one of Claims I to 4 wherein the 
damping medium Is a viscous material, sealing means (59, 67; 80, 89; 96; 123, 
124) being provided to prevent escape of damping medium from the or each 
damping chamber (58, 69, 79, 95, 120). 
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7. A mochlne damper damper according to any one of the preceding claims 
wherein said suppwt means (54, 8 1 , 98, 1 1 4) is operative to support one of the 
members relative to the other against significant movement in a substantially 
vertical direction but to permit limited relative movement therebetween in a 
substantially horizontal direction. 

8. A mochine damper comprising: 

(a) a first support member (44, 75, 92, 17b), having a generally cylindrical 
cavity (45, 75a, 91, 109) oriented with the longitudinal axis in a 
substcntiaily vertical direction; 

(b) a second support member (56, 78, 93, 112), having a generally 
cylindrical outer surface (57, 94) disposed in said damping cavity, 

(c) on annular boundary space (58, 69; 79, 95, 120) maintoine^etween said 
outer surface and cavity; 

(d) spring means (54, 81, 98, 114) for supporting one of said members 
relative to the other in a substantially vertical direction; and 

(e) a damping medium in said annular space, 

wherein said spring means (54, 81, 98, 114) and damping medium are 
complicnt to permit relative movement between said first and second 
members. 

9. A method of damping vibrations, comprising the steps: 

(a) assembling cooperatingly-formed first and second damper elements (Vt, 
75, 92, I7bj 45, 75gi, 91, 109) one within the other, to form an interior 
damping chamber (58, 69; 79, 95, 120) comprising a squeeze-film 
clearance gap between the two; 

(b) providing support (54, 81, 98, 114) for relative movement between said 
first and second damper elements which is substantially stiff in a 
direction of movement tending to maintain said clearance gap, and 
which is substantially compliant in a direction tending to change said 
clearance gap; 

(c) providing a damping medium in said clearance gap; 

(d) supporting one of said first and second elements on a relatively 
stationary base; and 

(e) supporting a vibrotable member on the other of said elements. 
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10. A method according to Claim 9, wherein step (c) comprises providing a 
viscous damping medium In said clearance gap (79, 95, 120). 

11. A method according to Claim 9, wherein step (c) comprises providing a 
visco-eiastic damping medium (125) in said clearance gap (58, 69). 

12. A method according to any one of Claims 9, 10 and II wherein the 
damper chamber (58, 69, 79, 95, 120) is annular arid has a longitudinal axis 
which extends substanitally vertically, and said support (54, 81, 98, I I4)ls 
such as to be substantially stiff in a vertical direction tending to maintain 
said clearance gap, and is substantially compliant in a horizontal direction 
tending to change said clearance gap. 
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@ Machine damper and method of dampbig machine vibrations. 

(gJA machine levelling pad with damping properties is 
disclosed, wherein a first support member (44, 75, 92 17b) 
having a damping cavity (45, 75a, 91, 109) is located on a 
base (29). and a second support member (56, 78, 93, 112) 
having an outer surface (57, 94) cooperatively shaped to the 
damping cavity is disposed within the damping cavity so as 
to create a peripheral boundary space (58, 69,79, 95, 120) 
between the first and second support members. Spring 
means (54. 81, 98, 114) is provided to support the second 
support member (56, 78, 93, 112) relative to the first support 
member (44, 75, 92. 17b) in a direction substantially parallel 
to the longitudinal axis of the boundary space (58, 69, 79 95 
120). A machine member (11,17, 35) is located on the second 
support member (56. 78. 93. 112), and. in one embodiment, a 
VISCOUS damping material is provided to substantially fill the 
boundary space (58. 69. 79. 95. 120) between the first and 
second support members. In operation, the spring means 
(54, 81. 98, 114) and damping medium are compliant in 
several directions to permit relative movement between the 
first and second support members. Thus, when the spring 
means (54. 81. 98. 114) is oriented in a vertical direction to 
carry the weight of a machine member, the machine is 
allowed to move with the second support member In a 
horizontal, unloaded, direction thereby causing the first and 
second support members and damping medium in the 
boundary space to undergo squeeze-fllm damping, effecting 



an increase in the overall dynamic stiffness of the machine 
Another embodiment employs a yisco-elastic medium in 
the damping cavity (58. 69. 79. 95, 120) to effect damping 
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